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Thrust Cell program members 

♦ Sandy Elam, Mike Effinger, Pete Valentine-MSFC, and Martha Jaskowiak, Andy Eckel--GRC 

♦ Participating Organizations: Rocketdyne Division of Boeing, Hyper-Therm, Inc., Ceramic Composites, Inc. 


Mike Effinger 

Fabrication and Testing of Ceramic Matrix 
Composite Rocket Propulsion Components 
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mass and travel time required tor planetary missions. 
Within 25 Years, 

- Enable bold new missions to the edge of the solar 
system and beyond by reducing travel times by one to 
two orders of magnitude. 



Generations of Reusable Launch 

Vehicles 



2040: 4th Generation RLV 

♦ Routine Passenger Space Travel 

♦ 1 ,000x Cheaper 

♦ 20,000x Safer 


Advanced Space Transportation Investment 

Areas 
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CMC components can decrease costs via higher temperature capability, low part 
count (example—integrally bladed disk), and increased component life. 
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The use of CMC components & systems is projected to be the only way, aside from 
design and system engineering, to significantly increase safety & reduce cost 
simultaneously, largely due to increasing temperature margins and operational 
temperature at the same time, while decreasing weight. 

No other material can do this. 
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Nominal appearance of C/SiC blisk surface 
(Honeywell Advanced Composites, Inc.) 
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Pressure (psia) 700 

Flowrate (lbm/sec) 13 Simplex Turbopump Test Bed 

Speed (RPM) 25,100 at NASA MSFC during chill 

Blisk Diameter (in) 7.6 down prior to testing. 

Turbine Tip Speed (ft/Sec) 832 
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Polar Blisk 
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FOD impact pattern on Quasi-isotropic CMC blisk 



Typical spalling damage Typical trailing edge damage 

on the blade edges on the quasi-isotropic blisk 
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Nondestructive Characterization Life Prediction concept developed and established as 
a possibility (subject of AMPET Conference Paper in September) 

Executed an interagency cooperative effort with the Air Force through IHPRPT 

Benchmarked MSFC’s structural & material analyses & component testing of a CMC 
component 
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♦ Greater than the 2-6 year terms of Politicians and longer than most managers and engineers 
want to spend in one job nowadays. 

Actual up side to Combined Approach: Avoid most likely what would happen is a BUA 
(2-4 yrs), followed by a 1.5 BLA (12-15 yrs) in series to yield a total (14-19 year 
effort). 
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acoustic tests. 

4 Culminates in test of ~30”x60” test article in an aerospike test stand. 
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♦ Coolant Flow Rate 0.8 lbm/sec per linear inch of 

ramp width 

♦ Inside ramp surface operating Thermal insulation may be 

temperature required 
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♦ Oxidation protection: Re/Ta & HfC/SiC 
coatings 

♦ Copper tubing for LH 2 coolant relieves 
permeability concerns 
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tat us: 

♦ Conceptual design selected - 8/99 

♦ Sub-element defined - 2/00 (Fabrication - 50% completion) 

♦ Hot-Fire testing target date - 12/00 
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As each effort matures, emphasis will be placed on optimizing and demonstrating 
material/component durability, ideally using a combined Building Block Approach 
and Build and Bust Approach. 
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Materials, Processes, and Environmental Technology): 
http://AMPET.MSFC.NASA.GOV/ 



